Building strong ties between widely dispersed project network participants is crucial to project success. In widely dispersed global project networks many firms have adopted virtual collaboration tools to address the challenges imposed by temporal and geographic distance. Yet in virtual working environments achieving the strong ties that lead to improved performance are difficult to achieve. Some researchers have examined the role of facilitators to engender virtual team ties and improve performance. Yet, we know little about the impact facilitators have on global virtual collaboration efforts. In this paper we studied the formation of Transactive Memory Systems (TMS) in four global virtual project networks. We examined two facilitated and two non-facilitated networks of teams utilizing a virtual workspace to complete complex and iterative design projects. We then utilized Social Network Analysis (SNA) techniques to investigate the development of TMSs in each of the four networks studied. We found that TMSs emerged in the non-facilitated but not in the facilitated networks studied. This finding has important implications for the design of global virtual project networks and the roles that facilitators have on these teams.
INTRODUCTION
High construction demand in global markets, especially in developing countries that lack sufficient technology, resource and experience to carry out complex design and construction projects creates new business opportunities for many construction companies (Han and Diekmann 2001) . As the architecture, engineering and construction (AEC) industry globalizes new trends such as joint ventures (Berkema et al. 1997 ) and offshoring (Bryant 2006 ) have gained increased popularity as firms expand into global markets. In industrialized countries offshoring architectural and engineering services has become a common practice (Messner et al 2007) . High labor costs have forced companies in these industrialized countries to consider shifting those services to countries with lower wages such as India, China and countries in Eastern Europe (Lewin and Furlong, 2005) . According to Javernick-Will and Scott (2010) another important feature to succeed is utilizing the local knowledge to reduce knowledge gaps and thus risks. Taken together, these trends require collaboration to take place between more widely dispersed project participants.
To succeed in global collaborations, firms need to bridge the gap between expansive vision and the day-to-day realities of global business, create new pathways across international borders, maximize the benefits of cultural diversity while minimizing its side effects, and overcome the ambiguity of organizational restructuring (O'Hara Devereaux and Johansen, 1994) .
Some technological advancements, such as virtual environments and workspaces, have made it easier to collaborate across geographical boundaries, which allows for participants in virtual project networks to receive a range of benefits through their technologically mediated work.
These worlds are characterized by a virtual three-dimensional environment in which the participants are avatars that interact with each other as well as the documents or models they produce. By utilizing virtual environments, organizations benefit because they gain access to the most qualified individuals for a specific job no matter where they are located, they are able to respond faster to increased competition, and provide greater flexibility to individuals working from any location (Bell and Kozlowski 2002) such as a construction site or design office.
While virtual teams provide a great deal of flexibility, the cultural and linguistic diversity among team members can cause enormous challenges that are barriers to establishing a high level of network performance and ultimately to the successful project outcome. This is particularly true when time zone differences and geographic distance minimize opportunities to collaborate in face-to-face settings (Pauleen and Yoong, 2001b, Kayworth and Leidner, 2000) .
According to Cascio (2000) , the major disadvantages of virtual teams are the lack of physical interaction (with its associated verbal and nonverbal cues) and the lack of synergies that often accompany face-to-face communication. These deficiencies make it difficult to establish the trust necessary for strong relationship building. Nevertheless, providing face-to-face collaboration opportunities in global projects is also presents a challenge due to its high cost. For firms that choose to collaborate virtually, information technology limits their ability to transfer the same rich social, emotional, and non-verbal information present in traditional face-to-face settings (Townsend et al., 1998) .
Globalization in the architecture, engineering and construction industry and the technological developments designed to enable global collaboration in virtual settings are benefiting many firms. However, there are potentially serious disadvantages that should be considered before firms adopt the use of collaborative virtual workspaces. For instance, overcoming cultural issues and feelings of isolation and establishing trust among individuals (Cascio, 2000) is typically more difficult in virtual workspaces than in face-to-face settings.
Thus, virtual project networks should be supported to overcome these difficulties and perform effectively.
FACILITATING GLOBAL VIRTUAL PROJECT NETWORKS
According to Straus and McGrath (1994) , there is no difference in the performance of face-toface and virtual teams when tasks are simple; however, face-to-face teams perform significantly better than virtual teams on more complex tasks. Cooperation on highly complex projects by participants in geographically distributed project networks where participants rarely have the opportunity of working face-to-face requires advanced virtual collaborative work platforms. Yet, it is not trivial to enable seamless communication and knowledge sharing in virtual environments. To overcome the communication and knowledge sharing challenges of working in virtual settings, some researchers have proposed the use of virtual team facilitators (Warkentin and Beranek 1999 , Sarker et al. 2000 , Pauleen and Young 2001b . They claim that facilitators may help virtual teams to perform better by establishing the stronger interpersonal links between team members that are associated with effective communication and which lead to more effective task performance (Warkentin and Beranek 1999, Sarker et al. 2000) . To achieve this, building relationships between virtual team members is a fundamental concern for virtual team facilitators (Pauleen and Yoong, 2001b) . Clawson and colleagues (1993) argue that the most crucial role of facilitators in projects is to help network participants achieve an outcome more easily. Even in cases where facilitators provide minimal guidance to project network participants, better project outcomes can result (Clawson et al. 1993 ).
Since global virtual project networks (GVPN) are developed across cultural, geographic and organizational boundaries and lack some of the benefits of traditional face-to-face environments, intra-network conflicts may be exacerbated (Paul et al. 2004) . GVPNs can be much more complex than traditional face-to-face networks since collaboration is enabled through advanced communication technologies over these boundaries. In this complex virtual collaboration context, facilitators can help to build cooperative relationships between project network participants, mediate conflicts within the network, encourage participants to participate in the work activities, and, most importantly, facilitators may help participants overcome technological problems and develop appropriate norms of technological use. Miranda and Bostrom (1999) compared two different types of facilitation-process and content-and evaluated the impact of each type on the meeting process, team satisfaction, and quality of tasks related to decision making. They defined process facilitation as "the provision of procedural structure and general support to groups through the meeting process" (1998, pg: 98) . The main objective of process facilitators is to encourage the group to stay focused on progressing systematically through the agenda, to discourage criticism during brainstorming, and to elicit equal participation from all group members (Miranda and Bostrom 1999) . While process facilitation supports the team process, content facilitation supports interventions that are directly related to the task being performed. For example, a content facilitator might supply an insight, opinion, or interpretation of facts or events (Miranda and Bostrom 1999) .
Process facilitation interventions are additive elements that contribute to productive meeting structures, while interventions introduced by content facilitators are likely to subdue members' participation in the decision-making process (Miranda and Bostrom 1999) . As a result, researchers have proposed that the primary task of a facilitator should be process facilitation and that their involvement in content facilitation is detrimental to network performance and outcome (Paul and Seetharaman 2004, Miranda and Bostrom 1999) . Content facilitation is believed to be the purview of the group itself and task leadership the role of the internal leader (Philips and Philips 1993) . Content facilitation involves interventions that relate directly to the problem being discussed. For instance, a facilitator might supply an insight, opinion, or interpretation of facts or events in the case and their well-timed interventions can reenergize or refocus a group and help them to navigate an impasse (Miranda and Bostrom 1999) . However, content interventions from the facilitator can stifle participation by group members who come to rely on the facilitator as a source of meaning or ideas, since suggestions from an influential person are evaluated more favorably by group members (Miranda and Bostrom 1999) . In this paper we explore the question of how facilitators impact the performance of global virtual project networks. Previous literature has established that in face-to-face and virtual settings content facilitators can be detrimental to performance. Therefore we focused on understanding the establishment of ties in global virtual project networks with and without process facilitators.
RESEARCH METHODOLOGY

Measuring the Impact of Facilitation on Performance
To observe the impact of process facilitators on GVPN performance, we utilized the development of cohesive Transactive Memory Systems (TMSs) as a proxy for performance. The concept of a TMS was initially formulated in the 1980s as a step forward in understanding group learning and knowledge management. At the time, this novel phenomenon described the ability of group members to identify knowledge domains within the group and communicate this knowledge as required. TMSs are shared knowledge systems through which groups collectively encode, store, and retrieve knowledge (Wegner 1987 Therefore, developing a TMS throughout the process of executing a project has benefits to both individuals and to the network itself. The individuals within a network invest in a TMS to improve network performance (Moreland and Myaskovsky 2000) by developing an awareness of individual expertise (Borgatti & Cross 2003) . In this sense, the most crucial argument is whether individuals within the network are aware of the existence of expertise that they need and how fast they can access specific knowledge from the correct expert.
Hypothesis Development
We examined differences in the development of TMSs in facilitated (i.e. two-mode networks) and non-facilitated GVPNs (i.e. one-mode networks). In one-mode networks, the collection of actors is all of the same type. In our study they were students in the Architecture, Engineering and Construction (AEC) domain. In our data collection we considered all participants that were specialists in one aspect of AEC modeling (3D, 4D, organizational or cost modeling) to be in a single mode. In two-mode networks, the participants are from conceptually different types or levels or participants may be from different sets (Wasserman and Faust 1994) . In our data collection we considered the process facilitators, who were business students studying facilitation techniques with no domain expertise in AEC modeling as a second mode. To be able observe the impact of facilitators on TMS formation, we set up two types of networks: one with no facilitator (one-mode network) and a second with both AEC modelers and facilitators (twomode network).
Given the high level of task interdependency of construction projects, we hypothesized that a unique subgroup will form surrounding task relations among construction related knowledge domains. Even though facilitators were not expected to be active participants in taskrelated network interactions due to their lack of knowledge on construction related tasks, it might be challenging to have a critical role on process interventions and manage to stay out of task related topics. Therefore, we expected to observe differences in TMS formation in two different types of networks. In the one-mode GVPNs, due to the nature of construction projects, we did not presume to observe solely dyadic relationships among project participants. Instead, the formation of highly cohesive cliques in task related subgroups was more likely. We hypothesized that:
H1a: The probability of observing a one-mode network in task interactions with a higher value of the dyad is lower than the value for a clique.
H1b: The expected network subgroup for task interactions in the one-mode network will
be equal to the observed task interactions in the one-mode network.
H1c: The expected network subgroup for task interactions is relatively denser than ties outside of the subgroup in a one-mode network.
The hypothesized network subgroup structure in one-mode networks was not expected to form in two-mode project networks. Since facilitators are not specialists in one of the central knowledge domains that contribute to task interactions, the existence of facilitators in task related topics would pose challenges for the development of a TMS within the network. We did not expect to see dyadic relationships in two-mode networks since project networkers have to retrieve information from more than a single knowledge domain in order to effectively execute the project. Accordingly, we hypothesize that;
H2a: The probability of observing a two-mode network in task interactions with a higher
value of the dyad is lower than for a clique.
H2b: The expected network subgroup for task interactions will not be equal to the observed task interactions in a two-mode network.
H2c: The expected network subgroup for task interactions will not be relatively denser than ties outside of the subgroup in a two-mode network.
Research Setting
In order to test these hypotheses, we observed, recorded, and analyzed task interactions among four global engineering project networks collaborating in a virtual workspace over a two-month period to investigate whether there is a difference in the development of TMSs in facilitated versus non-facilitated networks. The GVPNs are comprised of teams of graduate students from Columbia University, Helsinki University of Technology, the Indian Institute of Technology Madras, the University of Twente, and the University of Washington in Seattle. Data collection started in February 2010 and ended in April 2010. The experiment required that project participants interact in a virtual workspace called the CyberGRID (Cyber-enabled Global Research Infrastructure for Design) (Iorio et al. 2010) , which was built with affordances designed specifically to support the work of geographically distributed engineers and architects.
The CyberGRID was developed by the Project Network Dynamics Lab at Columbia University in cooperation with researchers at the Helsinki University of Technology as a virtual suite of collaboration and research tools based in the Second Life virtual environment. The purpose of designing the CyberGRID was to study geographically distributed global project networks. The CyberGRID allows workers to share their desktops as they collaborate throughout the design process.
In this study, there were multiple knowledge domains and the teams comprising the GVPNs required information from at least one other knowledge domain to successfully complete the project. In the one-mode networks, there were four main knowledge domains: 3D modeling, organizational modeling, 4D modeling and cost modeling, while the two-mode networks consisted of the same knowledge domains but included a facilitator, who was outside of the these knowledge domains and trained to facilitate the team in the space. players or groups in the network. The total number of non-directional ties associated with a node is called degree. For any given node, the number of directional ties emanating from it is called the node's out-degree. Similarly, the node's in-degree is the number of ties directed to that node.
In the Figure 1 , ties represent the in-degree direction, in other words who directs questions to which knowledge domain. For example, organizational modeling team needs to retrieve information from 3D modeling team, so it is represented by a directed tie emanating from organization modeling team to 3D modeling team. Similarly, both 4D and cost modeling teams must retrieve information from 3D and organizational modeling teams, Figure 1 .
In N Ts , the ties among three main knowledge domains are represented as solid lines since we expect to observe cohesive interactions within N Ts . Effective project networks should progress in the following sequence to accomplish the task of creating a building. First, once the 3D modeling team finalizes the CAD model, they collaborate with the organizational modeling team to agree upon the activities that should be included in the construction schedule and an appropriate sequence for the activities. Second, the 4D modeling team receives both the 3D and organizational models and connects each activity in the construction schedule to the corresponding geometry in the 3D model. During the integration process, it is highly possible that a conflict will occur between the construction schedule and the 3D model geometry, so the 4D modeling team must collaborate with the teams developing the organizational schedule and 4D models to negotiate an intervention that resolves the mismatch between the organizational schedule and 3D model. These three teams work on the necessary adjustments in the 3D and organizational models as a unified subgroup. Until each of the teams involved in this unified subgroup are satisfied with the quality of the intervention, the cost analysis for the entire project cannot begin their work. Once the 3D, 4D and organizational models are completed and any conflicts satisfactorily addressed, the output of the unified subgroup teams are transferred to the cost analysis team. Based on our experimental design, the cost analysis team works in relative isolation from the other teams in the network because the cost analysis model solely depends on the completed 3D, 4D and organizational models and thus it doesn't require any additional interactions with these modeling teams. To reflect this relationship between the cost estimators and modelers, the ties between the cost analysis team and 3D and organizational modeling teams are represented as dashed lines in Figure 1 .
In two-mode networks, we expect that the dominant role of facilitators in task relations will impede the formation of cohesive subgroup among 3D, 4D and organizational modeling teams. Figure 2 illustrates the participants without the hypothesized relations. To observe the impact of process facilitators on TMS development in GVPNs, we formed four networks; two one-mode and two two-mode networks (Table 1) . According to our design setting, while onemode networks have specialists only in AEC, the two-mode networks have specialist both in facilitation and AEC.
For both network types, each participant's membership in the knowledge domain specializations was made explicit to all members of the networks. Prior to the start of the experiments, all participants were told explicitly about the nature of the project including the sequence of work, with emphasis paid to the role of each team within the project network. When participants met in the CyberGRID for the first time, they were given an opportunity over three weeks to get to know each other and determine how best utilize the collaborative functionalities afforded by the CyberGRID. During this rapport-building period, they engaged in ice-breaking activities and completed a number of group assignments designed to give the participants practice executing work in the virtual environment. Consequently, students were supported during the initial stages of TMS development in both the one-mode and two-mode networks.
Data Collection and Preparation
Once each week, all project network participants met in the CyberGRID and all the meetings were recorded by an automated system. The CyberGRID contains a number of collaborative features such as voice and text chat that provides synchronous communication for the virtual project networks (Iorio et al. 2010) . Additionally, desktop projection, document sharing and message board functionality were integrated into the CyberGRID to facilitate collaboration on the complex AEC modeling projects (Iorio et al. 2010) . Even though the CyberGRID does not replicate the face-to-face environment, it provides a rich communication environment through multiple channels that enable participants to speak, share information, and gesture in the virtual space.
We used a multi-modal open-source annotation software called ELAN to create, edit, visualize and search annotations that are mapped to the video and audio timelines for the recorded interactional data (Wittenburg et al., 2006) . To guide our coding, we adopted a modified version of Anderson et al.'s (2007) typology of work interactions. Anderson and colleagues' typology described the amount of interaction among team members, the content of the discussions, and the pattern of interaction among team members. Their typology for work interactions included categories for attention to task, information transfer, social interaction, task-focused interactions, and talk about technology (Anderson et al., 2007) . Following a similar methodology, we also focused on the content of discussion topics. Based on Anderson et al., we developed a six-category typology of discussion topics: interpersonal, facilitation, technology, process, task, and other. Then we coded the recorded interactions based on this typology to distinguish when network participants were engaged in discussion about different topic types.
This approach allowed us to identify when knowledge domain specialists are interacting within their domain specialization and when they are engaged in interactions outside of their specialization. To ensure coding validity, two researchers individually coded the data based on the typology and a third researcher reconciled differences between the coded recordings of the individual researchers. Consequently, each video and associated coding was reviewed by three researchers working independently. For the purpose of this paper, only those interactions coded as "task", i.e. interactions that required specialized knowledge of architecture, engineering, or construction were considered in our analysis.
Data Analysis
Network analysis is the study of social relations among a set of actors. The unit of analysis in network analysis may be the individual but it may also be an entity consisting of a collection of individuals and the ties among them. Network analytical methods focus on describing patterns between the interactions of dyads (i.e. two actors and their ties), triads (i.e. three actors and their ties), or larger systems (i.e. subgroups of individuals, or entire networks) (Wasserman and Faust 1997) . Social network analysis (SNA) focuses on patterns of relationships between actors and examines the availability of resources and the exchange of resources between these actors (Wasserman and Faust 1997) . In our case, the "resource" is the information essential to effectively execute the modeling design project. SNA consists of applying a set of relations (ties) to an identified set of actors (nodes). The collection of ties of a specific kind among members of a group is called a relation (Wasserman and Faust 1997) . In this study we observed the following task relation structures in one-mode versus two-mode networks; Two-mode Network  _ , , , ,   , , , , ,
One-mode Network
SNA has been used in studies of relationship structure, social mobility, contacts among members of deviant groups, corporate power, international trade exploitation, class structure, and many other areas (Scott 1988) . SNA is also an accepted quantitative method in the construction and engineering scholarship (Chinowsky et al. 2008, Di Marco et al. 2010, Ramalingam and  Mahalingam 2010), used to observe and describe patterns between the interactions of project network participants. SNA allows for the measurement of structures and systems which would be nearly impossible to describe without relational concepts. Moreover, SNA facilitates the testing of hypotheses about these structural properties.
Exponential Random Graph Model
Researchers have been utilizing new statistical approaches in the study of social networks in order to develop a better understanding of work relations by discarding the limitations of deterministic methods. In the recent years, the Exponential Random Graph Model (ERGM) has gained increasing popularity among many researchers Pattision 1996, Robins et al. 2007 ). In practice, ERGM analysis appropriately estimates the degree to which the theoretically hypothesized substructures are likely to occur in the collected data set (Robins et al., 2007) .
We utilized Statnet, which is a statistical network analysis package available in R (R Development Core Team 2007) that implements recent advances in the statistical modeling of random networks and the ERGM package that allows the user to fit exponential-family random graph models to network data sets . The
Statnet suite of packages provides a comprehensive framework for ERGM-based network modeling including tools for model estimation, evaluation and simulation. This broad functionality is powered by a central Markov Chain Monte Carlo (MCMC) algorithm that can handle networks of several thousand nodes or more, though the size of the problem is dictated more by the number of edges (and edge attributes) than by the number of nodes .
Cohesiveness of a Subgroup
Cohesive subgroups are subset of actors among whom there are relatively strong, direct, intense, frequent or positive ties (Wasserman and Faust 1997) . In the social network analysis literature, many researchers have developed methods to analyze cohesive subgroups (Alba 1973 , Seidman and Foster 1978 , Freeman 1992 outsiders. The cohesive subgroup calculation for our study is expressed as follows:
Where;
FINDINGS
The coefficients of network statistics acquired from the ERGM analysis are presented in Table 2 .
Networks 1 and 2 are one-mode networks and Networks 3 and 4 are two-mode networks. In Table 1 , values in parentheses represent p-values for coefficients of the network statistics.
According to the ERGM results, all networks have significant negative dyad relation coefficients as the p-values are substantially less than 0.05 in both one-mode and two-mode networks.
Therefore, Hypotheses 1a and 2a are supported. The probability of observing a one-mode or two-mode network in task relations with a higher value of the dyad is lower than for a clique.
While the dyadic relationships are significant in all network types, ERGM results indicate that only one-mode networks have significant positive subgroup formation coefficients. Table 2 shows that the subgroup coefficients have extremely high p-values in two-mode networks, i.e.
0.775 and 0.722 respectively. However, the subgroup formation coefficients have p-values that are significantly less than 0.05. Therefore, both hypothesis 1b and 2b are supported. Although the expected network subgroup for task relations in the two-mode network is equal to the observed task relations in the two-mode network, the expected network subgroup for task relations is not equal to the observed task relations in the two-mode network. Table 3 shows the subgroup cohesiveness ratios in both types of networks. The results of this analysis are consistent with the ERGM output. While the subgroup cohesiveness ratio is above 1 in one-mode networks, it is less than 1 in two-mode networks which means that we observe highly cohesive subgroups in the one-mode networks but the cohesive subgroup formation does not exist in two-mode networks. Therefore both hypothesis 1c and 2c is supported. We also analyzed two-mode networks without including the facilitators' interactions to see whether or not cohesive subgroups form among 3D, 4D and organizational modeling teams. The cohesiveness ratio comes up from 0.39 to 1.33 in Network 3 and from 0.48 to 1.71 in Network 4 (as indicated in Table 3 ).
DISCUSSION
In this study, we explored the impact of process facilitators on the performance of global virtual project networks. To this end, we designed an experiment to compare the performance of two different types of project networks; one-mode and two-mode networks. The two-mode networks were comprised of two different types of participants; four teams that had a background in architecture, engineering and construction and one team of process facilitators. By including the facilitator teams in the project networks, we expected network cohesion to be supported as the facilitators were trained in strategies to help address the challenges unique to global virtual project networks such as resolving technological issues, cultural conflicts and the development of trust. Since many researchers claim that the involvement of the content facilitator is detrimental to the network performance (e.g. Miranda and Bostrom 1999), we decided to explicitly map out the knowledge domain specializations of the non-facilitator teams to help establish a functioning TMS. Notwithstanding, we expected that it would be challenging for process facilitators to step out of task discussions while having a key role in the process of project. As we anticipated, process facilitators were actively engaged in task-related interactions and thus became central actors in all aspects of network collaboration. In other words, the process facilitators had adopted an additional role, which may have been one of content facilitation. The goal of our study was to determine whether process facilitation involved in task interactions have a positive or negative impact on TMS development and, by extension, on project network performance. To test this we utilized an ERGM, which tests the statistical likelihood for our hypothesized network structure to be observed in the experimental data (Su et al. 2010 ).
We first tested the probability of having solely dyadic task relations between project networkers. According to the ERGM results, dyadic task relations have a negative coefficient in all four networks, which indicates that dyadic relations occur infrequently. This result is congruent with the general task interdependency reality of construction projects. To be able to execute the projects, all participants must retrieve information from different knowledge domains due to the task interdependency. Therefore it is to be expected that fewer dyads of actors who have no other ties exist in the networks. In other words, by supporting hypotheses 1a and 2a, we found that the probability of observing dyads within the networks is less likely than cliques in the networks studied.
Then, we concentrated on the subgroup formation in task relations. According to the ERGM results, only one-mode networks have significantly positive coefficients of subgroups.
So, non-facilitated networks are tightly clustered across the N Ts . On the other hand, two-mode networks do not have significant coefficients, which mean that observing the hypothesized network subgroup in task relations is not likely to occur in the experimental data. As we demonstrated via the schematic in Figure 2 , when process facilitators moved into N T , they became a central actor in task related discussions. Their existence in N T impeded the formation of the TMS, which indicates that information seekers could not recognize that facilitators were not actual knowledge domain experts. By becoming involved in task discussions, facilitators were treated as domain knowledge specialists, even though their specialty was limited to process facilitation. When the non-specialist facilitators became active participants in the specialized knowledge domain, they were treated as content facilitators by the team even though the facilitators had no specialized knowledge that would allow them to function effectively as content facilitators. These facts imply that TMS formation is not likely to occur in GVPNs when process facilitators are drawn into engaging in content facilitation.
In addition to the ERGM analysis, we also calculated the subgroup cohesiveness ratio (Alba, 1973) . According to Alba, if the cohesive subgroup ratio is equal to 1 then the strength of ties within the subgroup does not change compared to the outside of subgroup. However if this ratio is greater than 1, then the ties within the subgroup is stronger than the ties outside the subgroup. Based our findings, both non-facilitated networks have a cohesive subgroup ratio of greater 1 and neither of the facilitated networks achieve this condition. Thus, while highly cohesive hypothesized network subgroups form in non-facilitated networks, it is not the case that cohesive subgroups form in facilitated networks. Therefore, when process facilitators cross into knowledge domains where they have no specialization, they impede the formation of cohesive subgroup among the 3D, 4D and organizational modeling teams. The test for subgroup cohesion can be considered as a means to internally validate the findings produced through the ERGM analysis. We also calculated the subgroup cohesiveness ratio of two-mode networks without including facilitators. By removing the facilitators from the network, we transformed the original experimental data from two-modes to one-mode. The results show that if facilitators were not involved in N T , then a cohesive subgroup focused on task interactions would most likely form.
Actually, the recalculated subgroup cohesiveness ratio that doesn't include facilitators in twomode networks is very conservative. When we remove the facilitators, all the ties to and from facilitators are also disregarded. If facilitators would not take place in N T then information seekers would likely have directed their questions to actual knowledge domains. Therefore, the subgroup cohesiveness ratio would be even higher. Again, this supplemental analysis indicates that when process facilitators become content facilitators, the development of a fully functioning TMS is impeded. Consequently, TMS development is observed only in one-mode networks that do not include content facilitators.
According to Alavi and Tiwana (2002) , boundaries between project participants such as geographic distance, communicating through virtual channels, lack of collaborative work history and cultural diversity constrains the development of TMS in virtual settings. They further argue that since participants in a network cannot easily integrate their specialized knowledge and bring it to bear on the project task, the quality and/or efficiency of knowledge integration suffers and individuals may expend considerable resources on attempting to acquire or to locate and retrieve the needed complementary knowledge (Alavi and Tiwana, 2002) . Based on this argument, we propose that to overcome challenges to enacting complex design work in virtual settings, information seekers might attempt to create more sources from which to retrieve information. In our experimental setting, this approach might have been reasonable if process facilitators had specialized knowledge of the project tasks. Facilitators initially introduced themselves as process facilitators-explicitly indicating their lack of a background in and knowledge of construction processes and techniques-so they necessarily cannot perform the role of content facilitators. Their priority was to increase the productivity of the GVPN through process facilitation. However, throughout the course of the collaboration, the process facilitators undertook the role of content facilitators and engaged centrally in task discussions. This transformation might have caused confusion among their fellow network participants as the facilitators assigned role did not match their adopted role. While other teams within the network had well-defined and structured roles, the role of facilitators was made vague due to their high level of involvement in task-related discussions. Based on our results, Alavi and Tiwana's concerns regarding TMS development in a virtual setting is valid for two-mode networks with content facilitators. On the other hand, since there is no confusion about the roles and specialized knowledge domains in the one-mode networks we observed, this network structure facilitates the development of a TMS.
LIMITATIONS AND FUTURE RESEARCH
In this study, participants were graduate students and completing the design projects by collaborating with other university teams. In this sense we had some limitations in terms of experiment design. For example, in real life situations we would expect to see cost analysis team within the N Ts since the budget deficit or surplus would directly impact the design and schedule.
Therefore we hypothesized not to observe the cost analysis team within N Ts and having relatively weaker ties with 3D and organizational modeling teams since we did not have any limit on budget. Accordingly, it wasn't required to have any negotiation between cost analysis and design teams due to this constrain. In two-mode networks we involved process facilitators and they undertook an additional role, content facilitation. It may be difficult for process facilitators to remove themselves from task discussions after being active and central in the initial GVPN discussions. Therefore, examining the limitations of process facilitators in virtual workspace and identifying new ways of training facilitators for the new challenges of working virtually may be a fruitful topic for future research.
CONCLUSIONS
Globalization of the architecture, engineering and construction industry requires alternative work platforms to overcome the disadvantages of working in globally dispersed project networks. In this sense, virtual workspaces have significant potential to mitigate the cost and increase the project network performance despite the challenges to working in virtual settings. In this study, we examined the impact of facilitation on performance of global virtual project networks.
Project network organizations are capable of encoding, storing and recalling stored information relating to a task through a collective memory system described by researchers as a TMS. As project participants collaborate, they encode which team members have needed expertise or access to needed information. Research has shown that if a work group has a well-developed TMS, then workers can quickly and easily access what they need to know by recalling the knowledge of collaborators with specialized knowledge therefore a well-developed TMS improves the performance level. We found that the inclusion of process facilitators hindered the formation of TMSs necessary for the effective performance of the project network. Future research is needed to explore ways to improve facilitation in the global virtual project network or global virtual team context. This is particularly relevant given the increasing use of virtual workspaces to support complex architecture, engineering and construction project work. 
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